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Summary 



Soil fertility is declining in Kenya's low potential areas. More appropriate soil ""or t i I i t y 
management technologies are noodoc. which fit into 'armors' socio-economic 
circumstances. This working paper presents the methodology and results of an om'arm 
experiment with the u c .o of compost and liquid manure on maize, using a Participatory 
Technology Development (PTD) approach. It was done with two groups of farmers Onp 
group was composed of conventional 'armors while the second group comprised 
farmers using a Low External Input arc Sustainable Agriculture ([.EISA) approach. The 
PR) work startcc with debate amongst farmers and researchers on soil f ert.ilUy 
management, followed by identification of promising technologies. T his study has 
shown that with a PTD approach, farmers and researchers can come to agreement on 
technologies to bo tested, treatments and rose- arch design. 

Compost ana liquid manure were the technologies jointly selected by both groups o f 
farmers and researchers for participatory on farm research. T he first treatment is whit 
'armors normally apply which is on average 16 bra compost in the case of If ISA 'arms 
arc a combined application of 16 t/ha ' Boma" Manure ano o7 kg/fa DAP in 
conventional farms. The second treatment involves a doubling o' LEISA 'armors' current 
compost application rate while the third treatment is a combined application of r with 
7 t/ha of liquid manure. Farmers ano researchers wanted to compare the impacts o? 
those technologies on maize with respect t :> soil r^tnent balances and the agr 
economic performance. 

The analysis o* data collected by researchers on the performance of tt e various 
treatments, correlates well with farmers eva'jation Both IEI C A are conventional 
Armors consider that the treatment which combines < ompost with siquc manure 
produces the best results. Positive features icorti r n ?c by r armers are an improvement o' 
soil structure soil r ortility, crop growth and vigour, loaf colour intensity, and maize yields, 
it also saves on cash inputs is it replaces fertilisers in the :ase o' 'conventional firmers. 
Net. the new technologies are considered to demand a lot o* labour and recuire 
substantial amounts of on; mic material for procuring compost. The calculation of a 
partial nutrient budget showed that current management practices f or maize cultivation 
m Machakos 'or both LEISA ano conventional farmers result in rot negative nitrogen 
balances. Tins is still the case even when the compost application rate is doubled, 
trough the phosphorus balance becomes positive. Only the combmec ^se o" compost 
ano liduid manure has a positive impact on both nitrogen and phosphorus balances. A 
'^rther insight into the performance o r th.ese technologies is expected through analysis 
residual ejects o' the treatments in the second year o r the trials. 
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Recherche participative sur le compost et le lisier au Kenya 

Resume 

La [ortilito dos sols aoclino cans los regions konyares a faiblo potent icl igricolo. Dos 
technolocies plus appropnoes sort rocessaires po^r goror la fertilise cos sols tojt on tonart 
compte dos circonstances sooio-ocoromiquos ccs paysans. Lo presort cocumont no travail 
proserin la mothodologio ot los rOsdtats c'un ossai offortud portent sur I' utilisation du 
oi :-mpost ot o,, 1 1 si or lergrais lic-ine) cars la procuction do mais, a pan ir d'unc approcho no 
Doveloppnnent Technologic:^; Participate ([rP'i Elle portait sur ncx gro^pe^ do paysans. 
L'jp d'eux ntait compose co paysans corvortionnels tardis quo l aut.ro oomprenait dos 
p^.ysars ayar! adopts urn approorc basSo s^r I'AgnCjiiuit' D^iauio : i Faimcs Apports 
Extenours [LEISA or anglais) Lo travail go DTP commongait avoc L.r cObat ontre paysans ot 
ohorcheurs sur la gostion co la fertihto cos sols suivi d une iconlif'icatior dos tochnologios 
los plus promotteusos. Cotto ot^oc aura mont.ro qu'avoc Lapprocho DTP. los paysans ot los 
ohorcheurs pervert so mott.ro c'accnrc s^r los tochrologios a tester ot los Lraitemorts do 
1 1 -ssai 

Los pr/sans ot los ohorrhours ort seioctionno conjoirtement lo compost ot lo iisior commo 
ico technologies a retonir pc\,r «■■•'• "c?cl.jor cos rechorchos participativos cans los exploitations. 
L' • premier traitomen roprosorto co cuo los 'ormicrs applicuont cororalomont. a : avoir 16 
t.'ha do compost or noyonne cars lo cas d'expioitations L E ISA ot uno application associant 
Htyra d ongrais Born ot. kg ha co DAP dans los exploitations cor von ion olios, Lo 
cu^xiome traitomeni oor^si --t o a oa.hkr I application do compost, co^ paysans LE ISA, lards 
q..o lo troisiomo est urn appli: atior assonant lo deuxiomo traitemont ot /t.ha co iisior. Los 
p.iysars ot los chorcn\,rs vodaient comparer los impacts co cos technologies sur lo mais au 
r ivo.u. cu bilan dos elements r^tritiN cars lo sol ot do la porormarce ac/o-cvoromicuc 

L analyse dos donroos recoilhns par los cherchours corner nant la performance cos civors 
t.raitemorts ost on corrolatior avo( I'ovaLatmn cos paysans. Los agria.lto.-r; tart LEISA quo 
: "v:.:r';orro! : ) ::c; s.c "rent c.c !■..■ U.u-.oi s. ur^ouari ...ompu-ji oi u>ior c-.n ro lee monleurs 
result its. Los elements posit rs rotes par los paysans sort uro amelioration do la struct^ro 
ot co la fort ih til cu sol. croissaroo ot. vicuo^r co la rocolto irtersito co la roulour cos feullos 
"i co la product ior i::o ma is Cola per mot ogalomont no r airo cos economies cms in mos^ro 
o ; il r'y a pas a aehotor c orgrais commo dans lo cas cos paysans convent lornois. Po^rtart. 
oj'S n:u- voiles toolToioqie- sort ::i >nsioeroos commo oxigoant boauco^p ae travail ot 
c-irsommart co qranoes e,...annos co procuts orgariq^es pour faire cl, compost. Lo calc.J 
d -jr hilar partiol cos demons r^triti's i mortro o^e los pratiques act^ollos do gostion co 
la culture cu mais a Macrakos cboz los paysans -- tart LEISA quo oorvontiorrols - 
aho^tis.ert a uf; coficit my i-r, azote ot cuo cost toujours lo cas lorsque I application co 
c impost ost co,.bloo bmr c-o la lo hilar or phosproro cioviorro p vat r So.Jo ,.ro 
utilisation associarit d,. compc>st ot di. Iisior a ..n impact positi f s^r los terrors a la f ois or 
azote ot on phosphoro. Or cevrait on savour pLs sur I eficacito co cos rouvelles 
tochrologios avoc I aralyso cos o"ots rosicols co cos traitemons c^i sora f aite c^rart los 
ossais co la socorce arroo. 
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duction 



In Kenya, farming is carried out under highly diverse agro-ecological condition"; soil 
fertility levels and socio-economic circ umst.ances. Population density is rising and one 
result is a migration towarc-i relatively low potential, marginal areas such as the 
Machakos district, whore soil 'ortility is relat ively poor and requires carofj management 
(TiPon ci al., 1994), Stucies conducted ir semi-arid areas of the Machakos District 
indicate decreasing per capita production which is attributed to declining soil fertility 
(McCown, or al., 1990). Another study carrier: out in this area .hows that the current 
farm management system results in nitrogen depletion at the rate o f f )3 to : >6 kc/ha/yr 
implying that 60-80'/- o r farm income is baseo on nutrient mining Phosphorus is 
cepleted at the rate of 9 to 1.; kg/ha/yr (Jo Jager ct al. 1 C <99). 

Improving soil fertility management requires that appropriate 1 techm ->loc:ios are mane 
available' to farmers that fit their socio economic circumstances. Moreover, t Mo decision 
to acopi a new technology is more than j.,si purely a technical option. It is a holistic and 
complex tradc-of among various household needs and objectives Using approaches 
that allow for farmer.' panic ipation in research and technology development is of 
paramourt importance to assure their ar.optior arc dif'usior tAltien ct al., 1997: Oefoer 
ct. at , 19' : '8, Ashby. 1991) Until recently ti e importance of farmer participation in the 
development o'" soil fertility m anagement technologies has tjoon ^noer-estim it eo by soil 
scientists. Vet there o °ow at\.r^rmt evidence Ma' 'armen all ">v -v Ht * ^i- y •« 
experimenters Their experience and skill s are now regarded as import w\ in the 
development o* appropriate interventions in soil 'ert lit.y management '.Broken sha of al 
1980 Vlaming ct al. 1997). 

Participatory "Vebnolooy Development \P'D) is :-ne approac h that can 'aolitate theo^est 
'or ippropnate. intog r atod soil management toe h r^oloc;io s P T I3 is a process r or 
donoratinq new technologies which involves all stakeholders t'armers. researchers and 
other users] in priority setting, designing, testing out the row practices, and sharing the 
results, it al^o involves the creation o f 'avourable conditions 'or cori m tJ o^s 
experimentation ana sustainable agricultural development P"0 can play a cr^ial role in 
'acilitatine elective communication among the various M.akeholoers and assure that 
'armors' opinions, reactions and evaluation criteria ire incorporated in the assessment 
of new technologies (Reijntjes ot al.. 199 J: Diop ct al.. 19 <: <7' 3e,.gd ct al.. 1998). 
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In the Inst oecace. PTD arc other participatory tools (eg. Participatory Rural Appraisal) 
arc increasingly _sec in Kenya to diagnose farmers' problems arc plan research 
activities. KIOE startcc ^sirg the P^'J approach ir 1993. It is relatively rvw ir KARI but 
gaming mportance. This workirg piper describes the ^sc o' a P^D approach in initiating 
a debate with farmers on soil fertility management followed by an icenti'ication o' 
technologies for on-' arm testing. Emphasis was on Low External Input ind Sustainable 
Agriculture (LEISA) technologies, because farmers' economic constraints limit their 
possibility to purchase inputs. 

The main objectives o* the study were to: 

- Identify LE:SA ;ochi-o!ogie^ v,ilii .1 poieruiai to aacress soil fertility constraints in the 
present 'arming system. 

• Assess potentials, limitations and sustamability of selectee LEISA soil fertility 
management technologies through participatory on-farm research 

• Initiate and enhance learning by farmers, extension staff and researchers and 
acoption of soil 'ertihty management technologies through participatory on -farm 
research. 

Compost ano liquid manure were tho soil amendments jointly selected by farmers arc! 
researchers lor participatory oe-farm research and evaluation. Composting in low 
potential areis is o r ten not regarded as a viable option cue to the limited quantity ^nd 
guaiity o' biomasi available for composting (Kariuki at ai, 1994; Hamilton, 1997). 
However, farmers were of the opinion that evaluating the potential 1/ composting and 
liq^ir: manure for low potential areas of IVachakos was important, as those technologies 
can provide solutions to declining soil nutrient status, low levels o r .= oil organic matter, 
low soil moisture holering capacity and the hmitec possibility of using external inputs (see 
also Dal/ell ci ai 1979). The potential for improving the quality of compost and 0' 
liquid manure is now being explored by KIOF anc KARI in the Kalama division, as one o f 
the possible options for improving soil fertility management. While compost had been 
^.■s\: ;r. the pa.Vi, Ik^k; c.cir.uiu 1.1 a relatively new tccrroiogy in Kenya. 
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Study site 



T ho research was conducted in Muumando Location, Kalama Division, situated in 
Machakos District of Kenya (Figure 1). IVachai-os District is located in the Eastern 
Province of Kenya and considered as a Low Potential Area (LPA). Tho population of the 
District is about 1,050,000 persons. It covers an area of 616,300 hectares of which 85% 
is classified as and or semi-arid. In the centre ol Machakos District hills rnc to 1800- 
2100 metres and are surrounded by an extensive plateau doping from 1700 metres in 
the west down to 700 metres in the south-east. Rain'all received in the District has a bi- 
modal pattern and the average varies 'rom 500-1500 mm depending on location and 
altitude. The research site has two growing seasons per year with a total length of 90- 
1 19 days. The soils 1 are shallow and well drained, with top soils of loamy sane to sandy 
loam in many places. They are dc'icicnt in nitrogen, phosphorus and organic matter. 
(Jactzold and Schmidt, 198?: Kassam at a/.. 1991). Problems faced in the District include 
declining soil fertility, decreasing per capita amble land, unpredictable ana unreliable 
mm all ane limited use o f agricultural inputs (DAO 1995). 

'n the la^i si v decade^ ,h c 'armiec ^Y^mn'c e-vn r-y ^rcrr. bO"*c n*t(->r<,iwp - t , • , - 

hvestock-oriented to intensive and crop-oriented systems. The cropping enterprise lias 
similarly evolvec r rom a system dominated by traditional staple 'bods, notably sorgh^n 
anc millet to one that is , oncentratmg on maize ane pJses Oops cro.vn incLce maize, 
pigeon peas, sorghum, beans anc frJt trees. Local breeds o r cattle are kept ane grazed 
on common pastures wlnle farmland n hold under a free-hold tenure system. Farming 
is now mainly subsistence oriented. 

Soil and water conservation (SWC) meis^res coupled with water harvesting techmc.es 
are extensively practised in the District to conserve the 'ragile soils (Ti'fen ot al., 19941. 
These ir •elude terraces (mainlv bench terraces in the steep slopes), cut off drams, stone 
lines, trash lines addition o r farm-yard manure, crop residue management incLding 
mulching, and u.se o* cover crops. 
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Figure 1: Machakos District, Kenya 
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Composting and the use o r bona manure were already practised in the st^dy sit o 
many years before independence to replenish soil fertility when shi'tmg Cultivation was 
increasingly abandoned. Both technologies wore promoted between 1930 and 1944 by 
tho Ministry of Agriculture, "he adoption was rapid in the case o f bona manure b^t 
slow for pit composting. A'ter independence (19n3), manure use decreased, initially. 
c,A) to active promotion o' inorganic fortihsors by Government agencies. However, at 
present, in spite of active promotion o' mineral fertilisers, most 'ooo crops are grown 
L ,sing boma manure or compost, sometimes in combination with some mineral 
'ortilisors. Jse of 'ortilisers on horticultural arc irrigated crops is much higher. Wt^ally 
all farmers ,.se boma manure which is collected 'rom the overnight-kraal and ^seo 
to f ertilise portions o ( the 'arm on a rotational basis. T he quantity proceed is 
inadequate for fertilising all fields in a single cropping season. 
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Tho early promotion of pit composting was not sustained. It was gradually abandonee 
in the 1940s, because boma manure was a cheaper and easier alternative. Composting 
was re-introduction in the 1960s by \GOs arc the Ministry o r Education which mace it 
compulsory for all elementary schools. Emphasis was or pit composting. Attention to 
this technology further increased curing the 1930s following the acvont of sustainable 
agriculture' in Kenya as promoted by several \GOs. They promoted composting to 
increase the use cr organic material reduce the burning ef'ect o r not well-compost ec 
boma manure and diminish the incidence of pests and diseases. Currently, composting 
is also becoming more popular due to a decline in the livestock population which a'fects 
the availability of" boma manure. 



Farm selection and farm characteristics 

The on-farm trnl was implemented by 10 r armers classified as conventional r arrners anc 
8 LEISA 'armors in 1998 The households were selected after an initial workshop with 
tho community attendee by conventional '"armors. LEISA farmers, extension sta" anc 
government administrators. Criteria used r oi farm selection included willingness to 
participate in the exercise, household si/e. location, area o' land cultivated, main crops 
grown, slope, type arc number of livestock, market orientation, mechanisation anc 
contacts with extension/research. The selection criteria ^sec are based on an earlier 
study of the farming systems m the research -it o LEISA 'arms were classified as those 
practising composting liquid manure, plant tea', double digging, deep digging and 
natural pesticides while conventional farms did not use any o r these technologies. T ho 
selected 'armors were representative for low potential, semi-arid areas o f Kenya. 



Table 1. Characteristics of conventional and LEISA farm households 





Conventional 


LEISA 


No. of farmers 


10 


8 


Female headed households (%) 


30 


0 


No. of households where women participated 


80 


50 


in the trials (%) 






Average household size 


6.6 


5.1 


Labour capacity (family) 


2.4 


2.6 


Average land size (Ha) 


2.5 


2.5 


Average No. of cattle 


2.5 


5.1 


Average Tropical Livestock Units (TLU) 


3.3 


3.7 


Total capital (US$): Land, livestock, equipment 


2,973 


2,614 
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Characteristics o' tho 'arms studied am rhowr ir 'a bin 1. Farmirg ir both conventional 
an: LEISA systems is subsistence oriented, maize and hoars hoir cj grown as tho nan 1 
crops or stoop fields. Tho average slope vines betweor 15 arc ?.^%. All Moans of the 
i irmmg households h^d a least a primary or elementary education ~al f o 1 the 'armors 
h id completed seconcary education whilo 1 ?■% of the LEISA farmers h we ever finished 
poit-soconcary oc. cat ion Both croups have hao contacts with extension porsonrel. 
Labour is provided largely by family members Many women participated actively in the 
implementation o r the trails arc tho various meetings (see Table 1). 



Approach 

Tho approach followed five stops: 

1 Training of research sta' f in PfD arc farmers' learning concepts; 

2 Analysis o' farmers' currort soil fertility management practices ard problem 
definition; 

* Data collodion on LEISA tochnicuos arc their impacts in the research sues: 
4 Workshop to design the experiment; 
Evaluation of ih«« trials 

Fosearch staff wen- trained m P : D approach to enhance their skills in verbal and visual 
tools important for part i-: ip.it ory on farm experimentation (Corwav. 1 15*87: Steirer, 
1987 Werner 1 Th|, Assessment o r the 'arming system and soil 'ortnity management 
practices was done using Participatory FLral Appraisal (PRA) tools particularly soil 
mapping arc transect walks to enhance 'armors' articulation of soil fertility 
management issues (Chambers, 1991; SDC 1993; Onouru ct al. 1998) The results 
confirmed ttose o: other studies carried out m Machakos which concluded that soil 
* . r t ilit v is a constraint to crop production. Preliminary cata collection on LEISA 
technologies ard ' irmers evaluation criteria wis corned out in the research site, 

T he results wore u-ori in a joint farmer-researcher discussion workshop, It-- iim was to 
select LEISA soil 'ortihty management technologies 'or or-'arm experimentation anc 
cuv.'oiof :■ a trail de-sign. IW-thocs u ,; oc to stimulate discissions arc facilitate decision- 
making induced ice-breakers' sub-gro^p discissions plenary prosontat ion* . visual tools 
and brain stornino Seventeen farmer > ard *o,..r research arc NGO sta f ' participated ir 
tT'h workshop. Tho participants first drew jp an inventory of researchers anc farmers' 
expectations as well as a list o' possible areas 'or research (see Tables 2 anc ?.). 

^e re>t step was to match 'armors anc researchers expectations anc to soled one 
LlilSA technology 'or experimentation through discussion in plenary (see Figure 2). "ho 
selector: technology was then explored anc oisc^ssco. A f ter an introduction to 
systematic experimentation 'armors arc researchers started negotiations or the design 
'or the or -'arm experiment and cata collection. 
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Table 2. Expectations of Researchers and NGO staff and proposed areas of 
research 



Expectations 


Proposed areas of research 


• Assess the impacts of jointly selected LEISA 
technologies, with a high potential to 
improve soil fertility, through on-farm 
research 

• Develop an action-plan for on-farm research 

• Enhance farmers' knowledge and skills 
relating to systematic on-farm 
experimentation 

• Sensitise conventional farmers on principles 
and practices of LEISA techniques 


• Improve quality of Boma compost 
through use of additives such as 
egg shells, wood ash and 

Tit horn la 

• Assess potentials of compost, 
liquid manure, plant tea 

• Test use of rock phosphates 

• Combine rock phosphate and 
compost 



Tabel 3. Farmers' expectations and proposed areas for research 



LEISA farmers 


Conventional farmers 


To learn about and experiment with: 

• Easy ways of making double dug beds 

• Effective LEISA methods of pest 
management particularly for weevils 

• Recommended compost and liquid manure 
application rates 

• Crop rotation techniques 

• Soil conservation techniques that are easy 
to implement 

• New methods o f making compost 

• How to balance plant nutrients in composts 

• Soil fertility management techniques 

• Recommended land tillage practices 

• Napier grass management 

• Livestock management 

• Combining fertilisers and manure while 
planting 

• LEISA techniques of planting crops 

• How to stop chickens from eating eggs 


To learn about and experiment with: 

• Fertiliser application rate when 
planting 

• Use of fertilisers in combination 
with manure or compost 

• Whether the same fertiliser used in 
planting maize can be used to 
plant beans 

• How to use liquid manure when 
planting food crops 

• What causes the increased 
incidence of maize smut attack 
when manure is used, particularly 
when applied as top dressing 

• Pesticides used in controlling cut 
worms and maize stalk borer 

• How to improve the status of 
phosphorus in the soil 

• How best to practise mixed 
cropping 

• Added advantages, if any, of LEISA 
farming over conventional farming 
practices 
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"ho discussion about experimentation started with an inventory of farmer oxpononco 
with soil tort 1 1 1 1 y related experiments. The? intention was that this woJd holp them to 
'ormulate proposals for systematic experimentation with soil fertility management, "ho 
choice of test, crop and the design of treatments was made through a participatory 
process. The three groups first discussed their proposals in sub-groups which were then 
presented in plenary for discussion (see Anne> 1). The deferences and similarities in the 
options presentee became t Mo basis to arrive at a common course of action 

Figure 2: Steps taken to match farmers' and researchers' proposals 



Proposal LniSA farmers 



Proposal conventional 
farmers 



Proposal researchers 
& NGO 



List technologies of interest to all parties 



T 



Identify technologies addressing soil fertility only 



T 



Select technologies with impact within one year 



T 



Select one technology through ranking 



Farmers' views were diverse with respect to the technologies to be tester:, regarding 
crops, plot sizes, input types and rates of application. The criteria used 'or rinding a 
compromise was the 'visibility 'or on-'arn research and suitability for all farmers. 
iVothocs used were ranking and discussion. "he group finally opted for a test with maize 
usmg an indigenous variety. The research hypothesis was formulated jointly as r ollows: 
" //' ive apply compost and liquid manure in planting maize yields w ill increase because 
compost and liquid mamre improve so-/ nutnents status and water holding ranacty 
provided there is enough rainfall . 

"ho treatments, plots size, spacing o J maize, type o f tillage anc way o' compost 
appln ■ fitior methods agreed upon are presented in "able 4. "he rationale r or proposing 
7 tomTha o r lic^iri manure was based on a previous survey o* r LEISA 'arm-rs practices. 
Lk:.uo manure is a top dressing product prepared from fermented 'resh animal 
droppings in water. It is applied to the soil near the plant roots when crops are kneo- 
hioh io stimulate fast growth of the crop. The use of 1 kg tin full o r compost (?;;: t/ha) 
wis h neo on farmers' desire to r \rc o,A what happens when the current rue- o' 
compost application are doubled. It was also decided to evaLate the rosic_.il ejects o' 
these ooses in Subsequent seasons. 



Farmer and researcher criteria 'or monitoring and evaluation o f the trials were 
inventoried during the workshop (see Table 5). "hose incLco lea 1 colour, crop yields, rate 
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Table 4. Farm experiments: treatments agreed upon 



Treatment 


Conventional 


LEISA farms 


All 


Plot size 9x5 m 2 , 
Shallow tillage 

Spacing of maize: 0.3 m x 0.45 m 


Plot size 9x5 m< ; ; 
Shallow tillage 

Spacing of maize: 0 3 m x 0 45 m 


IT Control 


1/2 Kg- tinful of cattle manure/ 
planting hole (16 t/ha) + inorganic 
fertilisers at normal rate, 1 pinch 
of fertiliser/ hole (57 kg/ha) 


1/2 Kg-tinful of compost per 
planting hole (16 t/ha) 


T 2 


1 Kn-tinfitl nf mmnris.\ nor nlpntinn hnlp (7 9 r/haV 

_i - -- r---i i a ■ v ~ — " 


T 3 


1 Kg-tinful of compost / planting hole (32 t/ha) + Liquid manure (1 
cupful/ planting hole, 7 t/ha) 



of crop growth and vigour, weight of stover, size of leaves, stem and cobs, pest and 
disease incidence, height o r crop, weed population, fast germination of seeds. e r fect on 
soil characteristics, labour requirements, quantities of inputs other than labour and 
savings on cash inputs. The workshop ended with the identif ication of follow-up activities. 



Table 5. Inventory of farmer and researcher criteria for evaluating trials 



Farmers' criteria 


Researchers' criteria 


• Soil structure and perceived fertility 

• Labour input 

• Crop vigour 

• Crop yields 

• Savings on cash costs 

• Cash income 

• Incidence of pests and diseases 


• Soil nutrient levels and nutrient balances 

• Quality and quantities of inputs 

• Ouality and quantities of outputs 

• Crop development data 

• Economic performance 



Implementation, data collection and 
evaluation 

After the workshop, individual 'arm visits were carried out to discuss further with 
•'armors about trial sites and to jointly layout the experiment. The plot size became rather 
small because the test was started late ir the season when farmers had alreacy planted 
most of their fields. All farmers ^sed t ho pit composting technology. The 'irst pit is filled 
with layers of manure, dry coarse materials (crop residues), wood ash. top soil ana finally 
green materials (weens, tcutonui). After three weeks the content is turner: into a second 
pit arc again a r ter three weeks into a third pit. "ho compost is reaoy for ^se a'ter 
another 2 weeks. Penooic watering is necessary. Farmers ^soc their own material. 
Sometimes t hoy also c,A pruning* and grasses along the roadsides. 



Participatory research on compost and liquid manure in Kenya 



Data wore collected monthly for all t ho selectee indicators, using simple record shoots. 
One sot (V sheets was mace 'or 'armors on which they themselves recorded certain data 
isee Annex ? for ar example). The other sot o f shoots was f iiled in by researchers. 
Initially, f armors found it difficult to recorc the various cata on their trial shoots, 
-owever, a 'lor some time, they became ^soa to the exorcise, They even started to lal-o 
additional notes of their own farm operations. Dan collected by farmers and researchers 
were then processed, and analysed, followed by a joint discussion on results. 

A participatory evaluation of the trials was conducted to draw out farmers' opinions, 
preferences, criticisms ana suggestions about the technologies tested and their 
acceptability for dissemination. A first evaluation was conducted during a Held day when 
crops were still in the ground, 'he second evaluation took place at the end of the trial, 
'irst with each farmer and then in a group. 

The individual farmer's evaluation centred on a comparison between their usual practice 
and the tested technologies, through matrix ranking basec on farmers criteria. T he 
group evaluation consisted or discussions involving farmers, extension staff and 
researchers. This meeting covered the sharing o f trial results, an inventory of constraints 
'acod by farmers during the trials, suggestions for improvement ana an action plan for 
i ho next trial. The results presented were aggregations at group level for certain selected 
parameters. In addition, individual 'armors were each given their own results in the form 
of farmer feedback shoots. 
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T he results c f the tested technologies or the agro-ocoriur uL pt;i Tun nance ui maize 
cultivation and on soil nutrient balances are presentee in Table 6. 



Table 6. Agro-economic performance and soil nutrient balances of the 
tested technologies 



Results 1998 




Conventional (n =10) 




LEISA (n = 


7) 




^1conv 


^2conv 


^3conv 


T 1LEISA 


^2LEISA 


Tsleisa 


Maize yield 


2,394 (42) 


3,226 (45) 


3,940* (23) 


2,237 (57) 


3,236 (39) 


4,314* (38) 


kg/ha 














Gross returns 


38,076 (38) 


47,023 (48) 


55,108 (28) 


36,188 (36) 


48,158 (31) 


61,267 (32) 


Ksh/ha 














Total variable 


15,405 (12) 


18,975 (15) 


22,818 (22) 


1 3,396 (19) 


19,861 (28) 


25,317 (22) 


costs Ksh/ha 














Gross margin 


22,671 (64) 


28,048 (80) 


32,290 (42) 


22,792 (52) 


28,297 (43) 


35,950 (38) 


Ksh/ha 














Net Cash 


20,849 (48) 


30,895 (47) 


39.386* (23) 


21,849 (53) 


32,361 (39) 


43,138* (38) 


income Ksh/ha 














Return to 


341 (52) 


363 (56) 


27C (30) 


307 (44) 


414 (55) 


296 (49) 


labour Ksh/ha 














Partiai-N 


-31 


-1 


13 


•51 


-6 


19 


balance kg/ha 














Partial-P 


7 


1 


4 


•9 


1 


5 


balance kg/ha 
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Shelled grain yield performance 

'able 6 shows that in both r arnmg systems gram yielcs attained by the new 
technologies (T, and T ; ) wore higher than that 'or normal practices ("-)■ ^op crossing 
^sing liquic manure resultec in the highest maize grain yiolcs, T ho combmec application 
Ci) results in significantly higher maize yiolcs which incroasoc by 33 c - on LEISA 'arms 
ano by 1 1 % for conventional farming systems, when comparoc with normal practices. 
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T1 



Economic performance 

Although not statistically significant . tho gross margins 'or naizo cultivation woro 
observed to be higher for the new technologies uncer both LEISA and conventional farm 
rvmagement. Application of liquic manure combined with compost (T;) increased gross 
mrgins by 21 % anc 15 % m LEISA anc conventional farming systems respectively. This 
was in igreement with 'armors' own evaluations. 



Labour 

7h? roiL-rns 10 iaoour were higher than the opportunity cost Tor labour, oospito the high 
labour requirements of the new technologies (see Table 7), but cecreased for the 
treatment involving the application of liquid man^roi'TO. Yet, farmers in Machakos 
regard inputs requiring cash payments as costly. Family labour is not always perceived as 
"a cost , although it has opportunity cost Moreover, unemployment rates are high and 
household members help assure the family's r ood security through farming. It is 
therefore possible that some farmers may be willing to adopt the most labour intensive 
treatment given its higher yield and more? positive effect on soil duality Labour inputs 
arr- presented in Tible 7. The table shows that total labour cemand was mainly derived 
f rom f anily labour sources. 



Tc)ble 7. Labour demand (days/ha) for the tested technologies 



Description 




Conventional 






LEISA 




^1conv 


^2eonv 


^3conv 


^ILEISA 




^2LEISA ^3LEISA 


Total 


92 (29%) 


99 (27%) 


162 (34 •:) 


103 (27 ( 


•7) 


108 (41%) 100 (57 % ) 


: ; ' Female 


54 


51 


65 


26 




16 30 


labour 














Hired 


16 


20 


Y2 


7 




0 0 


i.ibour 














-< • ■ \ 1 n * 












32 r \ a c( po-.r ♦ "■ : hi 


L ].: (1 r\;r\n: 1 ■ 


16!lu- 




< 7 »..) hi 


uAP Aurw 


s 


,\rh CX v |\» r on:tii!s.s 


now technologies te 


ncec to be arc onpanoc by slightly higher female labour 


inputs, f emale labour anc 


hiroc lahour i 


np^ts wer 


) also high 


)r 


in conventional 'arming 


systems than in LLISA farming systems 


This can 


)o attribut 


>d 


to the high number 0' 


female headed households (Table 1) as well as 


their lack 


of 


experience with LEISA 


technologies. " 


ho conventional farmers who were 


trying Out 


those technologies for tho 


fir st time found some o f i 


hose too la bo 


mtonsiv 


■? anc: ther 


''ore engaged some hired 



labour, however, in total, t hoy spent less time than LEISA farmers, because hiroc labour 
tf-nc: to work faster. In accition. other studies have shown that members of conventional 
households tone to be more involved in o' r -'arn activities than LEISA households. Part 
o' this o rf -farm income is ther" usee in hiring labour 'or 'arming activities (Do Jager ct 
ni.. 1999). 
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Nutrient budgets 

RUf^s of input application and tho quality of inputs used for maize cultivation are 
presentee in Annex 4. in both syst'-ms, nutrients woro s^pphec in planting holes which 
is a more of fortivc: system than spreading tho inputs over tho entire field. However, tho 
release and uptake o r those nutrients and their impacts or maize performance largely 
copord on the typo and source of nutrients used. Nutrients derived from inorganic 
fertilisers are " assumed" to be 'ully available for plant growth in the season of 
application. On tt e other banc, av "inability o' N, P, and K from compost is estimator: : Jt 
respectively about 25S : , 100% and 80 ->o in the season of application (Dal/ell ct nl. 
l r '7 n ) MjuCr-Scin iGrn enc Kotschi ,1 33**;. found thru MiKiyeii dv iii.-ieiiiiy from roar ore 
was only 45 % o" the efficiency o* inorganic: fertilisers while i ho availability of P arc K 
was similar to inorganic fertilisers'" 5 Using these figures, available nutrients suppliec tor 
mai/o cultivation .n o partial nutrient budgets have been calculated (see Annex 2). 

Table 6 shows partial Nitrogen bahncos wen) 51 kg/ha for " llM;Al -6 kg/ha for T, M .. A 
arc » 19 kg/ha arc for T- J1:bA (LE ISA farms), ir conventional 'arms, those results were 

kg/ha for T ln:T- , 1 kg/ha for : " ?0;n . inc » 13 kg /ha for "-- or . v . Partial phosphorus 
balances in LE ISA farms were rosp.-ctiveiv -'3 kg/ha, -1 kg ha arc ♦ 5 l-g/ha ""or T- . ^ 
T » (; . iA and T q: . bA . In conventional f .irms the results were respectively * 7 kg/ha, • 1 kg/ha 
arc in kg/ha These r i?sult s indicate that a combination o*' compost arid liq^ie manure 
has a positive effect on partial nitrogen arid phosphorus balances Application rates 'or 
compost usee in these tests were sufficient to turn negative nitrogen balances into a 
positive balance, but involvee very high (canities of compost Few farmers would have 
the capacity to apply these quantities eat h year on all their fields Currently, farmers in 
IVachakos apply inputs (compost and manure) to oPerort portions o f the farm 
according to their porcoivec fertility levels. Cultivated lane will thus be r ertilised orce 
every 3-5 seasons 



Farmers' evaluation 

The results r or ircivical 'armors are presenter: in cable ;-. it is basea on r armers 
cistributing 10 points among tin- three treatments stucieo. This scoring was doro 
accorc«rc to the perceives import arco o r a given ovaLjatiori criterion r or the three 
treatmcrts. This table shows that, overall a combination of compost and liquid mam, re 
technologies (T 3 ) is rated highest ir both LEISA and corvertioral 'arming systems, 
'ollowee by the compost application rate o ( 32 t/ha (T ; ) are normal farmers practices 

r-). 

Both groups o f farmers regaroee the combination o' compost and liquid mam.m as 
scoring best on improved soil structure, soil r ertility. crop growth arc vigour, lea r colour 

' Tfv-, 1 ;vr: rr-Mi],'< .ire imK.c'mxI *-\ ■ ..fi.r " . c> 1 r i V" ' <■ 
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Table 8. Evaluation by Individual farmers of technologies tested* 





Conventional farms (n = 10) 


LEISA farms (n = 


7) 


Criteria/ 
i no icaior 




^2conv 


"^3conv 


TiLEISA 


T2LEISA 


T3LEISA 


Soil structure 


2.1 


3.1** 


4.9* 


2.3 


3.1* 


4.6* 


Soil fertility 


1.9 


3,r 


5** 


2 


3.7** 


4.3* 


Labour x quantity 


2.6 


2.7** 


4.7** 


2 


3.1** 


4,9** 


Quantity of compost 


2 


3.3** 


4.6** 


1.9 


3.4** 


4.7** 


or rn a n u re needed 














Quantity of seeds 


2.9 


3.6 


3.6 


3.3 


3.7 


3 


Incidence of weeds 


2.2 


2.8** 


4.7* 


2 


3.1** 


4.9** 


Crop vigour / fast 
growth* 


4.2 


2.4* 


3.6* 


2 


3.4* 


4.6* 


Leaf colour 


3.6 


2.3* 


4.1** 


2 


3 


5** 


Pest or disease 


3.1 


3.1 


3.9 


4.4** 


2.9 


2.7 


attack 














Money saving 


2.1 


3.1* 


4.7** 


2.9 


3 


4,1** 


Yield 


2.6 


2.6 


4.8** 


2 


3.4** 


4.6** 



" hguros prrsont Iho distribution of 10 points ovrr thrsv treatments scores do not always add up to 10 
Krir;ka1-Wallis analy^ of variance by ranks C P 0 (to T *P 0 01) 



intensity, maize yields and saved cash inputs. However, both groups of farmers also 
noted that this technology was very demanding in the labour and inputs required for 
making compost and also resulted in more problems with weeds. 

Some of the constraints faced by farmers when using the new technologies were 
problems with posts (maize stalk borer) and ciseases (head smut). The fast spreac of 
head smut was attributed to the humid and sometimes windy conditions experienced 
during the trials. The duality o' maize seeds was also judged as poor which, in 
combination with the proposed depth of planting, resulted in poor germination in some 
fields. This was further aggravated by the relatively late installation of the trail. The 
results o r a discussion session initiated with farmers on how to offset constraints 
experienced curing trials (Table 8 ) are presented in Table 9. 

During the discussions on the oesign o r the experiment, farmers suggested dry planting 
of seed instead of at the onset of rains. Their reasoning is that this will improve the 
chance of getting a good harvest in case the rams falter in the course o r the season. 
Early planting is also perceived as being important for taking advantage of the nitrogen 
fLsh so that seeds anc voung seedlings can compete ef r ectively with weens. 
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Table 9. Farmers' constraints during the trials and possible solutions 



Constraint 


Possible solutions 


Poor quality seed 


• Proper selection of indigenous seeds 

• Air drying of seeds 

• Treatment with wood ash, Croton sp. leaves, etc. 


Poor seed 
germination 


• Use of good quality seeds/ selected seeds for planting 

• Planting at proper depth (2-3 inches) 

• Planting when environmental conditions are favourable; 

• dry planting 


Head smut 


• Avoid passing infected plant parts through composting process 

• Uprooting and burning of infected plants 


Maize stalk borer 


• Use of cultural practices; 

• composting of crop residues 

• sprinkle of ash 

• Use of botanicals such as tobacco and marigold 
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sion 



This siudy has shown thai using a PTD approach, farmers ana resoarcnors can como to 
agreement on technologies to bo tested, various treatments and research cosign. 
Matching the results of farmers' evaluation with the calculations by researchers is useful 
for assessing the potential of soil fertility management technologies. 

The analysis of data collected by researchers on the performance of the various 
treatments correlates well with farmers' evaluation. Both LEISA and conventional 
farmers consider that the treatment that combiros compost with liquid manure 
produces the best results. This treatment also resulted in a significantly higher net cash 
income than either compost application alone or a combined application o f manure and 
T>AP. Positive features identified by r armors are an improvement of soil structure, soil 
•"ertility. crop growth and vigour, leaf colour intensity and maize yields. It aiso saves on 
cash inputs as it replaces fertilisers in the case of conventional farmers, Net, the new 
technologies are considered to demand a lot o* labour anc recuire substantial amounts 
of organic material for producing compost, 

Agro-economic evaluation of the technologies uroer st ,.cy has also shown that 3 
combined application of compost and lig.ua manure results in significantly higher gram 
yields and not cash income when compared with normal farmer practice. Although not 
statistically sigrTican, me same Irene: a as on-served -or cross margins, jo^bhrc the 
current rate of compost application also resulted in higher yields, gross margins, net cash 
income and return to labour when compared with normal r armmg practices r or both 
croups o f f armers, 

Assessment o' labour inp kJ t- noodec 'or a technology is important 'or evaluating its 
performance. T ho results o' this st^dv show that total labour recuireo r or the 
technologies tested was higher than that of normal r armer practice. Although the return 
to labour was higher than the opportunity cost in the research site f or all technologies 
studied, the marginal return started to decline at higher levels o' mJriont application 
through top dressing with liquid manure. 

"he calculation of a partial n^tnent budget shower: that current management practices 
'or maize cultivation in Machakos for both LEISA and conventional 'armors resulted in 
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not negative nitrogon and phosphorus balances. This is still the case r or partial nitrogen 
balances when the compost application rate is cobbled, though the phosphorus balance 
becomes positive. Only the combined ^se o f compost arc lie, jo manure has a positive 
impact on both nitrogen and phosphorus balances. A further insight into the 
performance of" these technologies is expected through analysis o f residual effects o r the 
treatments in t ho secono year of the trials. 
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Annex 1. Farmers and researchers suggested treatments on 
maize 



Treatments suggested by conventional farmers 

• I/2 Kg tinful of boma manure + inorganic fertilisers at normal farmers rate + normal 
tillage (plot 1) 

• Plant with the usual inorganic fertiliser at normal farmers practice + normal tillage 
(second option plot 1) 

• 1 Kg tinful of compost per planting hole + normal tillage (plot 2) 

• 1 kg tinful of boma manure + inorganic fertilisers (at normal practice) + normal tillage 

( r- r^r- n r4 »-> I *- 

^ WW I IW w^/LIWI I piwl i_ J 

• 1 Kg tinful of compost per planting hole + liquid manure (1 cupful) + normal tillage 
(plot 3). 

Treatments suggested by LEISA farmers 

• 1/2 Kg tinful of compost per planting hole + normal tillage (plot 1) 

• 1/4 Kg tinful of compost per planting hole + normal tillage (second option on plot 1) 

• 1 kg tinful of compost per planting hole + normal tillage (plot 2) 

• 1 kg tinful of compost per planting hole + normal tillage + 1 cupful of liquid manure 
per planting hole (plot 3) 

• Individual farmers' own rate of compost application per planting hole + top dressing 
with "a quarter litre of liquid manure" e.g. 1 cupful when crops are at knee height. 

Treatments suggested by researchers for conventional farmers 

• 1/2 Kg tinful of manure + inorganic fertilisers + normal tillage (plot 1) 

• 1/2 Kg tinful of compost + normal tillage (second suggestion for plot 1) 

• 1 Kg tinful of compost + normal tillage (plot 2) 

• 1 Kg tinful of compost + normal tillage + liquid manure (1 cupful) (plot 3) 

Treatments suggested by researchers for LEISA farmers 

• 1/4 Kg tinful of compost per planting hole + normal tillage (plot 1) 

• 1/2 Kg tinful of compost per planting hole + normal tillage (second option to plot 1) 

• 1 Kg tinful of compost per planting nole + normal tillage (plot 2) 

• 1 kg tinful of compost per planting hole + normal tillage + liquid manure (1 cupful) + 
normal tillage. 
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Annex 2. Example of labour record sheet for farmers 
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Annex 4: Economic indicators 



Cash Income (CI) 


Total output valued at market prices of output actually sold. 


Non-Cash Income (NCI) 


Total output valued at market prices of output actually home 




consumed. 


Gross Income (Gl) 


Total output valued at market prices (including both output 




actually sold and home consumed 




Gross income: Gl = CI + NCI. 


Cash Costs (CC) 


Cash expenditures (external input expenses). 


Non-Cash Costs (NCC) 


Valued internal inputs (e.g. compost, family labour, etc.). 


Total Variable Cuiti (TVC; 


TVC ib equivalent 10 Cash Costs plus Non-Lash Losts: 




TVC = CC + NCC 


Gross Margin (GM) 


GM is equivalent to Gross Income minus Total Variable Costs: 




GM = Gl - TVC. 


Net Cash Income (NCI) 


NCI is equivalent to Cash Income minus Cash Costs: 




NCI = CI - CC. 


Family Labour Days (FLD) 


Is equivalent to the number of hours used by the family for a 




certain technology divided by 5 


Family Labour Costs (FLC) 


Is equivalent to the number of family labour days valued at 




pay rate of labourers for a certain technology (opportunity 




cost). 


Total Labour Costs (LC) 


Is equivalent to Family Labour Costs (FLC) + Hired labour cost 




(HLC): TLC - FLC - HLC 


Total labour days (TLD) 


Is equivalent to the number of family labour days + Hired 




labour days 


Return to Labour 


= GM ♦ TLC/ TLD 




= {(Gl - TVC) * TLC}/ TLD 




= {(Gl - CC - NCC) + TLC} / TLD 



Participatory research on compost and liquid manure in Kenya 
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This discussion paper series has been launched as 
part of the NUTNET project NUTNET stands for 
Networking on soil fertility management: improving 
soil fertility in Africa-Nutrient networks & stakehold- 
er perceptions. NUTNET is co-ordinated by AB-DLO, 
The Netherlands It brings together several research 
programmes working on soil fertility management in 
sub-Saharan Afrtca. Activities include research on 
farmer management of soil fertility and understand- 
ing of the perceptions of different stakeholders 
towards how best to improve soils management. 

This discussion paper series offers an opportunity to 
publish findings from research on soil fertility man- 
aoement in Suh S^h^r^n Africa Themes include: 

• Farmers' knowledge of soils and soil fertility 
management 

• Socio-economic context of environmental change, 
including histories of soil management 

• Nutrient budget analysis at farm and field level 

• Examination of the policy context within which soil 
fertility is managed 

• Discussion of methodological aspects and 
dilemmas when analysing soil fertility 
management at farm level 

• Approaches towards on-farm trials and technology 
development with farmers. 

The series encourages publication of recent research 
results in a discussion paper form Emphasis will be 
on interdisciplinary research results which highlight 
a particular theme of wider relevance to develop- 
ment policy and practice. 

For more information and submission of 

manuscripts please contact: 

Thea Hilhorst 

IIED-Drylands Programme 

4 Hanover Street 

EH2 2EN Edinburgh 

United Kingdom 

Tel: +44 131 624 7042 

Fax: +44 131 624 7050 

E-mail: thea.hilhorst@iied.org 
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